The initial stages of the interaction between the host and Aspergillus fumigatus at the alveolar surface of the human lung are critical in the establishment of aspergillosis. Using an in vitro bilayer model of the alveolus, including both the epithelium (human lung adenocarcinoma epithelial cell line, A549) and endothelium (human pulmonary artery epithelial cells, HPAEC) on transwell membranes, it was possible to closely replicate the in vivo conditions. Two distinct sub-groups of dendritic cells (DC), monocyte-derived DC (moDC) and myeloid DC (mDC), were included in the model to examine immune responses to fungal infection at the alveolar surface. RNA in high quantity and quality was extracted from the cell layers on the transwell membrane to allow gene expression analysis using tailored custom-made microarrays, containing probes for 117 immunerelevant genes. This microarray data indicated minimal induction of immune gene expression in A549 alveolar epithelial cells in response to germ tubes of A. fumigatus. In contrast, the addition of DC to the system greatly increased the number of differentially expressed immune genes. moDC exhibited increased expression of genes including CLEC7A, CD209 and CCL18 in the absence of A. fumigatus compared to mDC. In the presence of A. fumigatus, both DC subgroups exhibited upregulation of genes identified in previous studies as being associated with the exposure of DC to A. fumigatus and exhibiting chemotactic properties for neutrophils, including CXCL2, CXCL5, CCL20, and IL1B. This model closely approximated the human alveolus allowing for an analysis of the host pathogen interface that complements existing animal models of IA.
Introduction
Aspergillus fumigatus is a ubiquitous mould that is generally found in soil or decaying vegetation [1] . It produces vast numbers of spores (conidia) which readily become airborne to aid dispersal and their small size, app. 2.5-3.5 mm in diameter, allows them to enter the lung alveoli [2] . Depending on the immune status of the host, Aspergillus species are responsible for a spectrum of diseases in humans [3] . In patients with haematological malignancies who undergo allogeneic stem cell transplantation, invasive aspergillosis (IA) is the leading infective cause of death [4] .
The human lung alveolar surface is the initial site of interaction between the host and the fungus. Inhaled resting conidia that reach the alveoli are inert to the immune system [5] . Ordinarily germinating conidia encounter a number of pulmonary defenses including respiratory mucus, antimicrobial molecules, such as defensins, and innate immune cells such as pulmonary macrophages and dendritic cells [6] . Furthermore, the alveoli, which consist of an epithelial cell layer and extracellular matrix surrounded by capillaries, may play an important role in host innate immunity [7, 8] . Understanding these initial events of IA is of great importance to fully characterize the pathogenesis and to identify potential novel therapeutic strategies. Increasingly complex tissue culture models have assisted in the understanding of fungal infections at epithelial barriers, especially for Candida [9] . It was shown that proteases were important for inducing a proinflammatory response in epithelia [10] and that polymorphonuclear cells added to the model reduced tissue damage and more closely mimicked the in vivo situation [11] . A model of the human alveolus consisting of a bilayer of human epithelial and endothelial cells was used to monitor the invasion of alveolar epithelium by A. fumigatus [6, 12] .
In epithelial models and direct interactions between A. fumigatus and monocytes [13, 14] , dendritic cells [15, 16] and neutrophils [17] gene expression analyses have indicated the importance of a host Th1 pro-inflammatory response. The importance of a proinflammatory response in defense against A. fumigatus suggests a direct role for dendritic cells (DC), which act as sentries of the innate immune system [18] . A network of DC is present in the lungs and at mucosal surfaces of most tissues where they sample their immediate microenvironment to detect pathogenic microbes [19] . Pulmonary DC phagocytose microbes and through cytokine signalling mature during migration to the lymph nodes where they present microbial antigens to activate T-cell populations [20] . In addition to antigen presentation it was found that pulmonary retention of inflammatory DC in a murine model of IA was correlated to improved outcomes [21] . Without immunomodulatory signaling from neutrophils there was increased recruitment of DC to the lungs in the neutropenic mice, these DC were probably able to assist in compensating for the absence of neutrophils [21] . It has been observed that DC can distinguish between hyphae and conidia leading to rapid killing of hyphae but extended survival of conidia within the phagosome [15, 20] . There are different DC subsets present in tissues and may induce different kinds of immune responses and determine the outcome of infection. In addition, for Bacillus anthracis spores, it has been shown that primary antimicrobial defenses are orchestrated by lung epithelial cells interacting in very close association with CD11c+ DCs, which phagocytose spores and transport them to lymph nodes [22, 23] .
In this study, a previously described bilayer model of the human alveolus [8] , which was developed for pharmacological studies, was adapted to analyze expression profiles of immune-relevant genes in different subsets of DC interacting with A. fumigatus. To date, immune cell and A. fumigatus interaction experiments have been performed in planktonic culture. This model was chosen to better approximate how immune cells would interact with A. fumigatus in a local lung environment, at the alveolar interface where early infection occurs. Experiments included two relevant DC subpopulations, myeloid DC (mDC) and monocyte-derived DC (moDC). mDC, which carry CD1c as a characteristic marker were isolated from peripheral blood ex vivo and perform complex functions, including production of various chemokines. The in vitro generated moDC were produced under standardized conditions and in large quantities; these cells are regularly used in immunotherapy protocols. The major goals of this research were to analyze if this bilayer model was suitable for expression profiling studies to approximate local early IA in vitro and if moDC and mDC subpopulations interacting with A. fumigatus in this setting differ in their gene expression profiles.
Results
The human alveolar bilayer model is suitable for gene expression profiling experiments
The average yield of total RNA from the epithelial layer was 71.5 (616) ng ml 21 and from the endothelial layer was 41.2 (617) ng ml 21 . The RIN (RNA integrity) values were constantly .8 (data not shown). Consequently, these numbers indicate that the RNA extracted from the bilayer model system was of sufficient quantity and quality, which is a major prerequisite for microarray analyses.
Gene expression profiles were based on a tailored array, which was designed according to previous results from a genome-wide expression array analyses in DCs [16] . In a basic initial analysis, genes that had log fold change values (ratios of target gene to house-keeping gene expressed as log 2 values) of ,20.5 or .1.0 and a p-value ,0.05 were considered significantly differentially expressed for analysis. Correspondence analysis of the array data indicated that the most important factors influencing differential gene expression are the fungus and moDC (Figure 1) .
To confirm the relative fold change values obtained by microarray analyses, we performed RT-qPCR assays for genes showing the greatest differential expression on the array. All genes tested showed similar expression patterns for both RT-qPCR and microarray assays (Figure 2 ). Thus, RT-qPCR results supported the data generated by the microarray analysis.
Gene expression analysis in structural cell layers of the alveolar bilayer model
No genes were differentially regulated in the HPAEC cell layer after 3 h and 6 h of exposure to conidia. The response of the A549 cell layer was more dynamic (Table 1 ) but of 15 differentially regulated genes only GSK3A showed up-regulation. Similarly the addition of germ tubes caused the differential regulation of 10 genes in the A549 cell layer with only SOD1 showing up-regulation (Table 2 ). These data indicated that positive regulation of immune genes in this model suggests only limited interaction between the fungus and the epithelial cell layer A549.
Gene expression analysis of DC interacting with A. fumigatus
The expression of immune genes from DCs interacting with A. fumigatus were measured as a control to compare to the results obtained from the interaction experiments on the bilayer model ( Table 2 and Table 3 ). Exposure to conidia caused the upregulation of seven genes (total of 13 differentially regulated) in mDC and eight genes (total of eight differentially regulated) in moDC (Table 3 ). This was greater than the number of upregulated genes observed in the A549 cells exposed to the same (Table 1 ). Exposure to germ tubes caused a greater degree of differential regulation than conidia with up-regulation of nine genes (from a total of 19) in mDC and 10 genes (from a total of 17) in moDC (Table 4 ). This reflects the greater immunogenicity of germ tubes and indicates a similar response by both subsets of DC to A. fumigatus.
Gene expression analysis with the addition of DCs
To mimic the in vivo situation more specified, mDC or moDC were added to the bilayer model. The rationales to compare these two DC types were that (i) we already published data on gene expression analysis with moDC co-cultured with A. fumigatus and therefore are able to compare our results to the bilayer model system and (ii) different DC sub-populations may induce different immune responses, e.g., Th1 or Th17 types.
The addition of either mDC or moDC to the bilayer model greatly increased the number of up-regulated genes (Table 5) compared to the gene expression observed in the A549 layer plus A. fumigatus (Tables 1 and 2 ). The addition of mDC led to the differential regulation of 12 genes (five up-regulated) whereas the addition of moDC caused differential regulation of 27 genes (nine up-regulated) ( Table 5 ). Interestingly mDC showed greater expression of IL1B compared to moDC, which expressed more CLEC7A, CD209 and 30% more C-C-motif chemokine ligands. This indicated that the moDC were in a state of greater regulatory excitation than mDC, which may be expected since moDC were induced to become moDC through exposure to cytokines in vitro whereas the mDC were primary immune cells isolated directly from the peripheral blood.
The introduction of A. fumigatus germ tubes onto the A549 cell layer along with DC induced a greater increase in the number of differentially expressed genes in treatments with mDC than in those with moDC (Table 6 ) compared to the treatments without germ tubes (Table 5 ). The number of differentially regulated genes was 42 (14 up-regulated) in mDC compared to 49 genes (17 upregulated) in moDC. The significant up-regulation of IL8 and CCL20 in both types of DC was consistent with previous studies on the interaction between moDC and A. fumigatus [15, 16] . IL1B showed increased expression in mDC and moDC indicating the initiation of a pro-inflammatory response, the mDC value was more than two-fold greater than the response in moDC.
Gene Ontology and interaction network analyses
In order to better evaluate the complex patterns of up-and down-regulated genes and to compare the immune response after addition of moDC versus mDC, gene ontology and interaction network analyses were performed based on the lists of differentially expressed genes. Gene ontology (GO, over-representation of genes responsible for particular biological functions) analysis of the addition of DC and addition of A. fumigatus to the A549 cell layer led to an increase in the expression genes involved in chemotaxis, immune response and the inflammatory response (Table S1 and S2). By contrast the addition of mDC only increased the expression of genes involved in cell-to-cell signaling (Table S1) , whereas the addition of moDC led to a response similar to that induced by A. fumigatus with genes involves in cell-to-cell signaling, chemotaxis, immune and inflammatory response (Table S2) .
The interaction network analysis ( Figure 3 ) reflected the GO analysis in that the addition moDC in the absence of A. fumigatus led to a greater number of genes interacting in the absence of A. fumigatus compared to the addition of mDC. The data for both groups of DC in the presence of A. fumigatus was very similar. Both showed the up-regulation of pro-inflammatory cytokines and upregulation of CXCR4. Overall there was an increase in the expression of genes related to secreted proteins and a reduction in intracellular signaling molecules such as Myd88. There was very limited activity in the A549 cell layer in the presence or absence of A. fumigatus. Table 1 . Gene Expression in A549 epithelial cell layer induced by addition of A. fumigatus conidia. 
Discussion
The alveoli of the lung are usually the initial site for the establishment of infection by A. fumigatus [8] . They provide a nutrient rich environment that promotes the germination of conidia. Furthermore, the dense network of capillaries that carries blood to and from the alveoli provides a route for innate immune cells, including DC, into the lungs and for dissemination of the pathogen from the lungs [6] . In vitro models using human cell lines and primary human cells help to better understand the complex processes during these early stages of infection, including invasion of fungi into tissue and their local interaction with the host immune system.
Thus, we utilised a bilayer model [12] of the human alveolus to determine the changes in gene expression induced, in the structural cell layers of the alveolus and in DC subsets, within this system by A. fumigatus. We demonstrated that gene expression profiling experiments are possible with RNA extracted from this system, and that the bilayer model provides a useful tool to mimic the complex inflammatory situation when more than one cell type is involved. Furthermore, it allowed for the comparison of different immune cell subpopulations.
Both conidia and germ tubes induced the differential regulation of a limited number of genes in both the endothelial (HPAEC) or epithelial (A549) cell layers of the bilayer model (Tables 1 and 2 ). Only two genes were up-regulated (GSK3A and SOD1) in the A549 cell layer interacting with conidia and germ tubes. GSK3A plays a role in the immune response to fungi [24] but these data do not reflect gene expression analyses from A549 monolayers exposed to A. fumigatus [25] . It has been shown by RT-qPCR analysis that IL8, TNF and CSF2 were differentially regulated by A549 cells exposed to A. fumigatus [25] , however it is difficult to compare such studies since qPCR is more sensitive than microarrays, which can generally be seen in Fig. 2 . However, qPCR is impractical for large numbers of genes.
Relatively modest fold changes in differentially expressed genes in epithelial cells have been reported for other microarray studies [26] . This may be because there was limited exposure of HPAEC cells to A. fumigatus since it takes approximately 16 h for the fungus to penetrate the alveolar-capillary boundary [6] . Thus, the experiments in this study focused on the interaction at the epithelial surface and were allowed to proceed for three to six hours. The limited damage caused by A. fumigatus when traversing cellular boundaries may also limit the extent of transcriptional responses in structural cell layers [6] .
In contrast the addition of either mDC or moDC to the alveolar bilayer model led to a marked increase in the number of differentially regulated immune genes (Tables 5 and 6 ). The majority of studies examining the interaction between A. fumigatus and DC have used moDC [15, 16, 27] because they can be generated in vitro in relatively large quantities. This is one of the first studies to examine the interaction between A. fumigatus and human mDC. The moDC were more immunologically active than mDC in the absence of A. fumigatus which might be because moDC are differentiated from precursor monocytes through the addition of the cytokines IL-4 and GM-CSF. Primary immune cells such as mDC do not undergo this ex vivo differentiation and will be relatively un-stimulated by exogenous cytokines at the initiation of the experiment (Table 5 ). In addition, it has been postulated that moDC in the body may represent an auxillary inflammatory pathway whereas mDC are the specialized surveillance subset of DC [28] .
Comparison of the expression profile from interactions of DC with A. fumigatus in planktonic culture (Tables 3 and 4) to interactions on the alveolar epithelium (Tables 5 and 6 ) revealed differences in the expression of PTX3 and CCL20 which are important for immune response against A. fumigatus. Pentraxin 3 is a soluble pathogen recognition receptor that is important for the phagocytosis and killing of A. fumigatus by immune cells since it acts as an opsonin [29] . It has recently been shown that mutations in PTX3 may contribute to the risk of IA [30] . The difference in CCL20 gene expression was only observed in mDC, not expressed in the presence of A. fumigatus in planktonic culture (Table 4) ; CCL20 has been shown to enhance recruitment of inflammatory DCs to the lungs of neutropenic mice [21] . These results correspond to data which indicated that innate immune cells such as alveolar macrophages and neutrophils react to environmental dimensionality [31] . Specifically, phagocytosis of A. fumigatus was inhibited in 3-D growth models constructed from collagen. It may be expected that DCs on a model of the alveolar surface would react perform better than in planktonic culture which further emphasizes the importance of creating more accurate in vitro models to study host-pathogen interactions.
The gene for intercellular adhesion molecule 1 (ICAM-1) was only expressed when mDC and moDC interacted with the fungus on the alveolar model (Table 6 ), which suggested that the format of the interaction study may have an important effect on the behaviour of cells interacting with pathogenic fungi. It has been demonstrated that A. fumigatus can modulate vascular adhesion molecule (VCAM-1) in endothelial cells grown in vitro which has been suggested as a mechanism of enhancing host defence against angioinvasion through leukocute recruitment [32] .
There was a significant increase in the number of immune genes up-regulated in mDC and moDC in response to A. fumigatus germ tubes (Table 6 ). This was in accordance with previous studies from our group using moDC in co-cultures with A. fumigatus germlings and subsequent Affymetrix array analysis [16] but also in experiments with the immune gene array used in this study [15] . In agreement with these studies A. fumigatus induced a proinflammatory response as indicated by the up-regulation of IL1B, IL8 and CCL20 (Table 6 ) and the up-regulation of pentraxin-3 (PTX3) gene expression, which was a characteristic response to fungal infection [33] . It is of interest that there was greater Table 4 . Gene expression of immune-related genes in donor myeloid dendritic cells or monocyte-derived dendritic cells induced by the addition of A. fumigatus germ tubes (after 6 hours incubation). expression of IL1B in mDC (146expression in mDC compared to 36 in moDC). This cytokine possesses a strong pro-inflammatory capacity with high potential for chemotaxis of monocytes and macrophages. In addition, IL1B, in synergy with IL23 is able to induce a Th17 response; both originate from an inactive IL1B precursor, pro-IL1B [34] . Polymorphisms in IL1B are associated with an increased risk of invasive pulmonary aspergillosis [35] further highlighting the importance of this cytokine in the antiAspergillus response. Along with IL1B, both, CXCL1 and CCL23 showed greater expression in mDC than moDC (Table 6 ). These data indicate that mDC may possess a greater capacity for the expression of neutrophil chemoattractant cytokines than moDC. Furthermore, three additional chemokine genes (CXCL2, CXCL5 and CCL20), which were markedly up-regulated in DC upon stimulation with A. fumigatus exhibit essential roles in neutrophil recruitment. CXCL5 has chemotactic and activating functions on neutrophils and is produced following stimulation of cells with the inflammatory cytokine IL-1B [36] ; this cytokine was strongly up-regulated in our settings as well. CCL20 attracts neutrophils and dendritic cells, especially towards epithelial cells surrounding lymphoid tissues [37] . In addition to its neutrophil attraction, CXCL2 is able to trigger the in vitro adhesion of neutrophils to endothelial cells. Thereby, CXCL2 acts synergistically with ICAM-1 (Table 6 ), a strong mediator of leukocyte binding to endothelial cells, which is usually followed by their transmigration into tissues [38] . Taking   Table 5 . Gene Expression in A549 epithelial cell layer and donor myeloid dendritic cells or monocyte-derived dendritic cells without the addition of A. fumigatus germ tubes (after 6 hours incubation). Table 6 . Expression of immune-related genes in A549 epithelial cell layer and donor myeloid dendritic cells or monocyte-derived dendritic cells induced by the addition of A. fumigatus germ tubes (after 6 hours incubation). the data from our alveolar model together, they underline the important role of DCs for the recruitment and adhesion of neutrophils to alveolar tissue. In conclusion, we were able to demonstrate that this bilayer model, which reflects the human alveolus, allowed gene expression profiling of A549 cell layers interacting with human DC subpopulations and A. fumigatus. The system offers a feasible and robust approach for analyzing the interaction of human airway tissue with other cells or pathogens that complements animal models of infection. Thereby, interaction studies can be extended and in consequence this bilayer model can function as a basis for alternative approaches, including the analysis of other immune cell populations, further probe sets for alternative expression profiling (including miRNA profiling) and different respiratory pathogens. Improved understanding of the pathophysiology of Aspergillus infection, including local processes in human alveoli will help to understand the complexity of this infection and support the development of alternative therapeutic approaches.
Materials and Methods

Ethics Statement
This study, using whole blood specimens obtained from human healthy volunteer donors, was approved by the Ethical Committee of the University Hospital of Wuerzburg. Informed consent was written and provided by all study participants. Data analysis was conducted anonymously.
Isolation of mDC and generation of moDC
Peripheral blood monocytes (PBMCs) were purified from donor buffy coat using MACS CD14 positive selection (Miltenyi Biotec) and induced to become immature dendritic cells (moDC) by incubation with IL-4 and GM-CSF [16] ; moDC were generated from three different donors to 97% purity.
Myeloid DC (mDC) were purified from donor buffy coat using the CD1c (BDCA-1)
+ dendritic cell isolation kit (Miltenyi Biotec) as described in the manufacturer's instructions. mDC were isolated from three different donors to 95% purity.
Fungal strains and growth conditions
Aspergillus fumigatus strain Af293 was used in all experiments and cultures were maintained on malt extract agar. Suspensions of conidia were prepared as previously described and adjusted to a concentration of 2610 5 ml 21 in RPMI medium [15] . Germ tubes were generated by incubating conidia (2610 5 ml
21
) overnight at room temperature in RPMI medium followed by incubation at 37uC for 6 h.
Alveolar bilayer model
A model of the alveolar epithelium/endothelium was constructed on transwell membranes as described by Hope et al. [12] . Briefly, Human pulmonary artery endothelial cells (HPAEC) and Human alveolar epithelial cells (A549) were obtained from Lonza. The bilayer was constructed by incubating 1610 5 HPAECs on the under surface of a 6.5 mm diameter Transwell Clear membrane with 3-mM pores (Corning) for 2 h. The membrane was then placed right side up into the well of a 24-well tissue culture plate (Greiner) containing EGM-2 medium (Lonza), the upper chamber was filled with 100 ul EGM-2 medium and the assembly was incubated for 24 h at 37uC and 5% CO 2 . The contents of the upper chamber were removed and replaced by 5610 4 A549 cells in 100 ml EBM-2 plus 10% FBS, the assembly was then incubated at 37uC and 5% CO 2 . The respective media were changed daily and the experiment performed on the fifth day following addition of the A549 cells.
Interaction experiments
Fungal elements, conidia or germ tubes (5610 4 per membrane), were added to the upper chamber of the transwell assembly to allow direct interaction of the fungus with the alveolar epithelium (A549 cell layer). Dendritic cells, either mDC or moDC, were added to the upper chamber at a concentration of 2610 5 per membrane. In interactions between the fungus and dendritic cells on the epithelium surface the MOI was one. Interactions were incubated for 3 h and 6 h at 37uC and 5% CO 2 .
RNA extraction
After incubation each cell layer on the transwell membrane was removed using a cell scraper and pipette, the recovered cells were immediately transferred to eppendorf tubes containing buffer RLT (Qiagen). The A549 cell layer was transferred with the 200 ml of medium from the upper chamber to capture dendritic cells. RNA was extracted using the RNeasy mini kit (Qiagen) as per the manufacturer's protocol for RNA extraction from animal cells. After extraction the RNA was quantified and the RIN (RNA Integrity) value established using a 2100 Bioanalyzer (Agilent).
Immune gene microarray
RNA from host cell layers was labelled and hybridised to a custom microarray of 117 oligos (Operon) targeting genes that are generally relevant for regulation of immune defence mechanisms (Genpak) [15] . This array has been listed on GEO under accession number GPL10270. This array was designed based on an Affymetrix array analysis of DC interacting with A. fumigatus [16] . This indicated that the selected immune genes showed the greatest differential regulation and had the most relevance to the interaction. This array reduced the complexity of analysis and allowed for potentially greater resolution of DC responses in the background of a second human cell type.
The experimental treatments tested were: (1) A549 cells plus conidia or germ tubes compared to uninfected A549 cells. Arrays were hybridised and analysed as previously described [15] . Briefly, 400 ng of total RNA was amplified using the ''MessageAmp II aRNA Amplification Kit'' from Ambion. The amplified aRNA from samples (stimulated and un-stimulated) were Cy3-labelled and a pool of all samples was Cy5-labelled by in vitro transcription from 500 ng of aRNA, respectively (LabelStar Array Kit, Qiagen). The gene chips were washed and probe arrays were scanned by using a GeneChip Scanner 3000 (Affymetrix).
RT-qPCR validation of expression
For microarray validation by RT-qPCR, aliquots of the above mentioned RNA samples (500 ng) were reverse transcribed with the QuantiTect RT kit (Qiagen), containing a blend of oligo dT and random primers. RT-qPCR assays were performed using a StepOnePlus instrument (Applied Biosystems) using the TaqMan Universal PCR mix (Applied Biosystems) and commercially available primers and probes (Gene Expression assays) for IL-1B, IL-8 and CCL20, with ALAS1 as the endogenous control gene. All RT-PCR assays were run with an initial denaturation step (10 min at 95uC), followed by 40 cycles of repeated denaturation (15 s at 95uC) and primer annealing and extension (60 s at 60uC).
Data Analysis
Data was analysed using software packages from the Bioconductor project (www.bioconductor.org; [39] ) were run under R (www.r-project.org). After normalization (quantile-quantile) [40] , differential expression of genes was calculated using the moderated t-statistic approach as implemented in the R-package Limma [41] , which has been specifically developed for the analysis of small sample size experiments. By exploiting information across genes it delivers more stable results than a conventional t-test. The Pvalues of all results were corrected for multiple testing by application of the false discovery rate [42] . Correspondence analysis was performed using the routines implemented in the RPackage 'vegan' [43] .
Gene ontology and network analysis
To facilitate interpretation the datasets were analysed by gene ontology and network analysis. The gene expression data for the interactions on the A549 cell layer induced by the addition of DCs and A. fumigatus germ tubes were uploaded to InnateDB (http:// www.innatedb.com/). This is a comprehensive database and analysis platform that enables testing of differentially expressed genes in known immune response pathways. Gene Ontology and Network analyses were carried out using the default parameters (hyper-geometric test and Benjamini Hochberg correction for false discovery rate) [44, 45] . Networks of interacting genes were visualized in Cytoscape [46] .
Microarray accession numbers
The microarray data for the gene expression analyses in this study were submitted to the Gene Expression Omnibus (GEO, NCBI) under the accession number GSE28806. 
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